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SUMMARY 

A mock-up of a pursuit airplane has teen tested in 
the NACA. full-scale win! tunnel and the effects of pro- 
peller operation and flap deflection on the aerodynamic 
characteristics of the wing-fuselage combination and of 
the horizontal tail have teen determined. The results 
of these tests have teen compared with the results of 
previous tests and with available theories and, in general, 
satisfactory comparisons have teen obtained. These re- 
sults have also been used to develop empirical procedures . 
for determining the effect of propeller operation on the 
lift and on the pitching moments of a flapped wing and to 
evaluate empirical factors for calculating the downwash 
angles at the tail with the propeller operating. The 
general applicability of these empiricisms has not been 
determined. The elevator hinge-moment characteristics 
have also been determined from tests on the mock-up and 
indicate the inadequacy of available data on the hmgo- 
moment parameters. The procedure for calculating stick 
forces from wind-tunnel data has been outlined. 



• INTRODUCTION 



Extensive longitudinal-stability and control tests 
have been conducted in the NAG A full-scale wind tunnel on 
a mock-up of a pursuit airplane. The results have been 
analyzed to evaluate the various factors that effect the 
pitching moments of the airplane and the stick forces. 
A comparison of these results with the results of previous 
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work indicates the limitations of available information 
for preliminary design purposes. 

The study is considered in four parts. In part I, 
the effect of the fuselage on the wing characteristics is 
considered. Part II is a study of the effect of the tail 
on the pitching moment and includes an estimate of the 
isolated tail characteristics and of the effective down- 
wash and velocity acting on the tail. Surveys of air 
flow in the region of the tail are also included. The 
results of parts I and II are comMnod in part III in 
which the p i t ch ing-mome nt curves for the complete airplane 
are developed. Part IV deals with the elevator free- 
floating and stick-force characteristics of the airplane 
and indicates the interdependence of the various factors 
previously considered, The effects of flap deflection 
and propeller operation are considered in all sections. 



SYMBOLS 



gross weight 



lift coefficient 



CD 



drag coefficient 



normal -force coof f ic ient 



pitching moment 



m 



pitch in g-moment coefficient 



Gh e elevator hinge-moment coefficient 




C P 



power coefficient 




section pi tching-moment coefficient 



section lift coefficient 



power input to propeller 



T axial propeller thrust 
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F stick f c rce 

1) propeller diameter 

V airspeed 

^ 0 propeller "blade angle 

n 



propeller rotational epeed, revolutions par 

second; also, distance from center of gravity 
forward to a e^ro dynamic center of wing-fuselage 
combination (measured parallel to thrust line) 

r\ propulsive efficiency 

p air density 

T thrust coefficient ( ~ — ^ 

Cijj absolute tfcrubt coefficient (— — — ) 

q local dynamic pressure ^pT a ^ 

q.o free-stream dynamic pressure 

( f l/vLo)eff effective dynamic-pressure factor, ratio of 
measured dCm/d8 e to value corresponding 
to free-stream dynamic pressure at tail 

W<lo)av ratio of average dynamic pressure at tail, 
as found from air-flow surveys, to free- 
stream dynamic pressure; the average is 
weighted according to chord 

Co./ QLo ) aa ratio of arithmetical-average dynamic pressure 
at tail, as found from air-flow surveys, to 
freo-stream dynamic pressure 

e local downwftsh angle 

*eff effective downwaish angle at tail, as found "by 

comparison of pitching moments with various 
tail settings and without tail 
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€ pv average downwash . engle at tail, as found from 

air-flow surveys ; the average is weighted, 
according to "both chord and local dynamic 
pressure 

e aa the arithmetical average of downwash angle 

across tail, as found from air-flew surveys 

s velocity-increment factor hack of propeller 

disk 



a 0 iift-eurvo slope for infinite aspect ratio 

S area 
"b span 
c chord 

c" mean geometric chord 

1 ! distance from propeller disk to center of 

gravity of airplane (measured parallel 
to t hrus t line) 

1 S distance from center of gravity to elevator 

hinge line (measured parallel to thrust 
line) 

1 3 distance from trailing edge of root chord to 

elevator hinge line (measured parallel to 
thrust line) 

angle of attack of thrust axis 

a j. angle of attack of tail 

ij. angle of tail setting relative to thrust aris 

5 control-surface deflection 

T relative elevator effectiveness factor 

X empirical factor in formula for determining 

increase in lift due to slipstream velocity 



theoretical factor used in determining -increase 
in tail lift due to slips tream 
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1 stick length 

u,v hinge-moment parameters 

Ae a f Ae 2 empirical corrections used to obtain effective 
downwash angles at tail from calculated 
valuer, 

A denotes change, usually due to propeller 
operation 

Subscripts : 

0 propeller-removed condition 

p prdpellsr-oporat ing condition 

P propeller 

w wing 

f flap 

f + w wing-fuselage combination 

fw flapped wing 

t horizontal tail 

A airplane 

e elevator, back of hinge 

1 portion immersed in slipstream 
is isolated 

8 s lipst ream 

b balance 

tr trim 

ff free floating 

a.c. aerodynamic center 

cal calculated 



TESTS 



Tho tests were made in the NACA full-scale wind 
tunnel (reference 1) . The usual wind-tunnel corrections 
to the angle of attack and the dra^, obtained from refer- 
ence 2, and the additional correction due to the ""blocking 
effect" (reference o) have beeli applied to the experimental 
data. The pitching moments have not been corrected for the 
wind- tunnel interference on the downwash at the tail (refer 
ence 4); the interference was, however, considered in the 
discussion of the results. 

The mock-up represented a single-engine, tractor-type, 
low-midwing airplane design (fie- 1 ) • All parts of the 
cooling system and the carburetor scoop were removed for 
the tests. The elevator was controllable from the cock- 
pit during the runs. The wing flap was of the slotted 
type and was deflected 40° for ail flap-deflected con- 
ditions, A 25-hor s epower electric motor installed in 
the mock-up operated a Curtiss electric controllable- 
pitch propeller whose blade-angle sotting could be con- 
trolled and determined during the runs- 

The force tests consisted of measurements of lift, 
drag, and pitching moment on the mock-up without the tail 
surfaces and with tho tail surfaces with various settings 
of the stabilizer and the elevator. For the elevator- 
effectiveness and hinge-moment tests an operator in the 
cockpit manipulated the elevator control stick and, using 
a conventional 1TACA control-force indicator, measured the 
stick forces. All tests included the effects of flap 
deflection and propeller operation. The propeller char- 
acteristics (fig* 2) were determined from propulsive- 
efficiency tests of the complete mock-up. The accuracy 
of the stabilizer and elevator settings was estimated to 
be within *0.25°. In the analysis of the data, extensive 
cross fairing was performed. 

With the horizontal and vertical tails removed, air- 
flow surveys were made in the region of tho tail. The 
surveys were made by means of a survey rack consisting 
cf 15 pitch-yaw tubes. 

At each angle of attack the propeller was operated 
over a range of blade angles and advance-diameter ratios 
to obtain a range of thrust coefficients. A large range 



of possible operating conditions was thereby covered; 
the greater part of the measurements, however, were made 
for conditions that approximated full-power operation 
of the mock-up as a typical pursuit airplane with 1000 
brake horsepower (fig. 3). Propeller charts for a nearly 
similar propeller were used for the preliminary calcu- 
lations. In order to obtain desired values of V/nD, 
the tunnel speed was varied between 30 and 60 miles per 
hour. 

As previously noted in reference 5, it was found 
that the lift and the pitching moments were relatively 
unaffected by reasonable variations of the propeller 
blade angle g if the game thrust coefficient T c 
was maintained, . Th& results of reference 5 indicate 
that, for the case? with flaps retracted, the use of 
the lift coefficient for the propeller-removed condition 
in determining thg propeller-operating conditions is 
barely satisfactory as a first approximation. For the 
cases with flaps deflected, however, this procedure is 
entirely unsatisfactory and the effect of propeller 
operation on the lift must be estimated. The propeller- 
operating conditions must then be recalculated, the 
new lift coefficient being used. 



I, WING-FUSELAGE COM3 1 II AT I Oil 



The addition of a fuselage to an isolated wing gen- 
erally shifts the aerodynamic center forward (reference 6) 
the lift and the pitching moments for a conventional 
combination, however, are practically the same as those 
of the isolated wing (the pitching moments being taken 
about the corresponding aerodynamic centers). The wing 
and the fuselage can therefore be conveniently treated 
as a unit. 



Lift-Curve Slope 

Lift, drag, and pi t ching-moment curves for the tail- 
less mock-up with flaps both retracted and deflected are 
presented in figure 4, For the retracted flap the ex- 
perimental slope of the lift curve is 0.071 per degree. 
The slope for the isolated wing as calculated by the 
methods of reference 7, estimated section characteristics 
being used, is 0.073 per degree. The- results of previous 
tests of similar wing-fuselage combinations (reference 6) 
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also show practically negligible effect of the fuselage 
on the slope of the wing lift curve. 

The experimental slope of the lift curve for the 
case with flaps deflected is 0.072 per degree. Reference 
8 also indicates only a slight change, in general, in the 
slope of the lift curve due to flap deflection. 



Aerodynamic- Cent er Lo cat ion 

The experimental aerodynamic-cent ar locations have 
"been determined for the wing-fuselage combination from 
figure 4 following the methods of reference 9, 

He tract ed f laT>s . - With the flaps retracted the aero- 
dynamic center is 0.32 foot in front of and 0.89 foot "be- 
low the center of gravity. The calculated location for 
the wing alone, "by reference 7, is 0.10 foot in front of 
the center of gravity. The forward shift of the aero- 
dynamic center caused "by the fuselage is, therefore, 
An = 0.040"c w , which is in approximate agreement with the 
experimental results of reference S. This value is also 
in excellent agreement with the theoretical value of 
0,043^" w for An calculated from the formulas given in 
reference 10. 

The vertical location of. the aerodynamic center is 
primarily a function of the drag characteristics of the 
mock-up. 

Bo fie c ted f 1 an s t - The position of the aerodynamic 
center for the wing-fuselage combination with flaps de- 
flected is 0,60 foot in front of and 1.55 feet "below the 
center of gravity. This position is considerably forward 
of the location with retracted flaps. The theory of re- 
ference 10 indicates that part of this additional forward 
shift is probably due to an increase in the effect of 
the fuselage when the flaps are deflected. The further 
downward movement of the aerodynamic center is due to 
the increased wing drag. 



Effect of Propeller Operation 

Propeller operation has two separate effects on the 
lift and the pitching moments of the w in g- f us elage com- 
bination. The first, designated the direct effect, arises 
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from the forces on the propeller itself and may "be 
estimated fron the results of tests of isolated pro- 
pellers in yaw. The second, designated the slipstream 
effect, results from the increased velocity and the 
change in the direction of the air flow at that part 
of the wing immersed in the slipstream. 

Re tra cted flaps.- The experimental effect of propel- 
ler operation at various angles of attack and thrust con- 
ditions on the lift and on the pitching moments of the 
wing-f us elago combination with flaps retracted are pre- 
sented in figures 5 and 6, respectively. For comparison, 
the effects calculated by the methods of reference 5 are 
also shown in the figures. The agreement between the ex- 
perimental and the calculated lift values is considered 
satisfactory. The agreement for the values of pitching 
moment, however, although satisfactory, is not quite so 
good as for the lift values; the effects of the slipstream 
on the wing and the fuselage pitching moments, which have 
"been neglected in reference 5, may possibly account for 
part of the discrepancy. 

Deflec ted f laps ♦ - The experimental effects of pro- 
peller operation" on the lift and the pitching moments of 
the wing-fuselage combination with deflected flaps are 
presented in figures 7 and 8, respectively. The lift in- 
crements due to propeller operation pre much larger than 
those obtained for the corresponding condition with flaps 
retracted and the pronounced diving moments indicate the 
considerable effect of the slip: t ream on the wing pitching 
moments for the flap deflected. An attempt was made to 
apply the methods of reference 5, heretofore used only for 
unflappud wings, to the present case, in order to indicate, 
if possible, the applicability of these methods to flapped 
wings. It was found that, except for the necessity of 
changing one parameter, the effect on the lift calculated 
by these methods was in reasonably satisfactory agreement 
with the experimental results. These methods' are sum- 
marized as follows: 

The calculated lift values (fig, 7) were obtained from 



C T = C T + L0 1 + *0 T (1) 

L p L o , w 

where AC^p was determined from the formulas and charts 
of reference 5 and 
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° w i <- w i / \ 

This formula is similar to the corresponding formula 
(reference 5) for the plain wing; it was found, however, 
that A should "be 1.6 instead of 1.0. According to ref- 
erence 11, this value indicates the marked effect of the 
slipstream on the flapped- wing -vortex system. The term 

c, is the estimated local lift coefficient, without 
1 o 

slipstream, at the center of the flapped wins rather than 
the average lift coefficient of the wing. 

The calculated pi t ching-momont coefficients, presented 
in figure 8, have been obtained by consideration of the 
direct effect of the propeller forces and of the slipstream 
effect on the wing pitching moment. The slipstream effect 
is much larger than the direct effect of the propeller 
forces, as indicated in figure 9, in which the direct effect 
has "been calculated from the formula of reference 5. 

The slipstream effect on the wing pitching moment 
has been taken as the sum of two components, The first 
component is due to the wing-lift increment, which is 
assumed to act at the f usolage-wing aerodynamic center. 
Tho second, and largest, component is the increase 'in the 
actual pitching moment of tho wing center sections about . 
their aerodynamic centers. The second component is a 
function of the increase in velocity of the slipstream 
and of the immersed wing area. If it is assumed that the 
section pit ching-aoment coefficients are not affected by 
the slipstream, this increment may be expressed as follows; 

The factor c m ' is the pitching-moment coefficient of 
a • c « 

the flapped sections and is assumed constant across the 

flapped portion S + , of the wing area. It is closely 

' i w 

approximated, from the data for the propeller removed, as ■ 
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Dividing equation (3) "by S w q 0 c w gives 

A0 -a.c. = °««uo. " X) = C *a.c. *c 

(4) 

The final expression for the effect of the slipstream on 
the wing pitching moment is 

AC m - c ffl _ ^ 1 £ T c + AC L (5) 

c w D w w 

If the effect of the slipstream on the fuselage pitching 
moment is neglected, the total calculated effect of pro- 
peller operation is given by 



AC m « AC + AC m (6) 

P P . 17 

The value of AC m is, as for the condition with flap 
retracted, determined by the charts of reference 5, 

II. TAIL CONTRIBUTION 



The study of the tail contribution to the pitching 
moment of the airplrne involves consideration of the 
isolated- tail parameters and of the effective dynamic 
pressures and effective downwash angles at the tail. The 
characteristics of the isolated tail, although an important 
link in the analysis, were not available, because no tests 
were made of the tail alone. Tor purposes of this devel- 
opment, these characteristics were estimated by analysis 
of the data for the propeller removed; methods that have 
received some verification in previous studies (reference 
IS) were followed. The effective dynamic pressure at the 
tail is defined by the elevator effectiveness iC m /d6 e and 
is equal to the average local dynamic pressure at the tail 
for the low-angle propeller-removed conditions but, for 
the propeller-operating conditions, it is less than the 
average local dynamic pressure mainly because of the finite 
extent of the slipstream. The effective downwash angle is 
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defined by the tail incidence for which the contribution 
of the tail to the pitching moment is zero. 

The data on the elevator effectiveness was found to 
bo in good agreement with the theory of reference 5; the 
data on the downwash angles appeared, in general, to be 
less satisfactory and exhibited some apparent inconsist- 
encies. 

As a check on the over-all applicability of the 
various assumptions, empirical factors, and formulas, 
the total tail contribution to the pitching moment has 
been calculated with their aid and compared with the 
experimental values. 



Some surveys of air flow in the region of the hori- 
zontal tail are presented in figures 10 to 25. With the 
propeller removed, the wing wake is considerably below 
the horizontal tail but approaches it with increasing 
angle of attack. The fuselage boundary layer is clearly 
evident in all cases. With the propeller operating, the 
limits of the slipstream and the effects of propeller 
rotation are readily determined. As is apparently char- 
acteristic for single-engine airplanes (references 5 and 
12), the slipstream is not circular. The marked increase 
in dynamic pressure, especially evident at the high angles 
of attack and the large thrust coefficients, on the side 
of the downward-moving propeller blade has been attributed 
to a shifting of the controid of the thrust, as discussed 
in reference The very strong local downwash fields for 

the case with flaps deflected should be noted. It should 
also be observed that the downwash angles do not appreci^' 
ably vary with distance from the elevator hinge line. 

AH the surveys were evaluated to determine the 
average dynamic pressure and the downwash of the air flow 
at the horizontal tail. The results are presented in 
table I for the case with flaps retracted and in table II 
for the case with flaps deflected. Two different types 
of average are shown in the tables. The values with the 
subscript aa are straight arithmetic averages, defined 
as 



Air-Jlow Surveys 




(7) 
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The values with the subscript av aro weighted averages, 
tho local dynamic pressure "being weighted according to 
the local chord and tho local downwash angle "being 
weighted according to both local dynamic pressure and 
local chord: 




(q/^o) av 85 / (q/lo) c dz 



(9) 




«av 58 — — - / e ( a /0 c dx (10) 



Tahles I and II indicate that, in most instances, either 
method may he used to evaluate surveys. Weighted surveys 
have "been used exclusively herein. 



Isolated-Sail Parameters 

The isolated-tail parameters are the slope of the 
normal-force curve dCjj + /da t and the relative elevator- 

effectiveness factor T, From tests with the propeller 
removed and with the horizontal tail at various settings 
(fig* 26) and from the formula 

da t U/<1 0 ) 0 S t l s 

the average experimental value for 4Cjj . /da^ was found 

to "be 0,051. (Values of (q/q 0 ) 0 , were taken from Surveys.) 
This value is in excellent agreement with the value of 
0.052 taken from figure 21 of reference 14. The average 
value of t, determined in this report "by the ratio 
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dO_.,/dS 0 /&C m / di t , is 0.59 and is in excellent agreement with 
the value of 0,53 obtained from figure 26 of reference 14. 

It should be mentioned that previous comparisons of 
experimental data with figures 21 and 26 of reference 14 
have not always given such excellent agreements as in- 
dicated in the foregoing paragraph. 

Elevator Effectiveness and Effective Dynamic Pressure 

The experimental variation of the elevator effective- 
ness with thrust coefficient with the flaps retracted and 
with the flaps deflected, is shown in figures 27 and 28, 
respectively. With the propeller removed, the elevator 
effectiveness is approximately proportional to the average 
dynamic pressure at the tail; accordingly, for these con- 
ditions, the effective dynamic pressure approximately equals 
the average dynamic pressure; that is, 

(dC m /d5 e ) 0 = (dCNt/acc-t) T (q/q 0 ) 0 |* la (l 2 ) 

o w c w 

The proportionality no longer exists at the higher thrust 
coefficients; for such conditions the effective dynamic 
pressure is less than the average found from the surveys 
(tables I and II) . 

The difference is due mainly to the finite extent 
of the slipstream, which is taken into account in the 
following equation (simplified from reference 5): 

■ ' f^A L / \ b tj ^tj ^ ] /dCnA 

whore 

/dC m \ = (dC m /da ( ,) 0 

WAs ~ (q/q Q ) 0 (14) 

and b ti is the span of the tail immersed in the slip- 
stream, X t is a function of this immersion and may be 
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obtained from reference 5, and 



-J 



s B =-1 + 8/n T~ 



The effective dynamic pressure is thus given by the 
factor 

b tj_ 

(l/4o)eff 55 (^^0)0 + *t s s (14a) 

b t 

For comparison with the experimental results, the 
elevator effectiveness was calculated "by formula (13) for 
a range of conditions. Experimental values of (dC m /d§ e ) 0 

and (q/q.c)o V7 £re used. For the condition with the flaps 
retracted, the surveys and also the computations made by 
the methods of reference 5 indicate practically complete 
inversion of the tail in the slipstream; accordingly, a 
value of 2 for , as indicated by the analysis of refer- 

ence 15, was -used for these cases. Tor the condition with 
the flaps deflected, the tail immersion was calculated to 
vary between 8.5 and 9,0 feet (also approximately verified 
by the surveys), giving an average value of 1.64 for \^ 
(fig* 41 of reference 5). The values of elevator effec- 
tiveness calculated with these two values of are 
shown, together with the experimental results, in figures 
27 and 28. Satisfactory agreement is observed in both 
cases. 



Downwash 

As previously mentioned, the average downwash at the 
tail €av has boon evaluated from the air-flow surveys. 
For these same conditions, the effective downwash € 0 ff 

has been determined from figures 29 and 30. The dis- 
agreement between these two experimental downwash angles 
(shown in figs. 31 and 32 and in tables I and II), espe- 
cially in the lower angles, has been previously observed, 
notably in reference 12. The reasons are uncertain. The 
discrepancy, Ac a - e e ff ~ £avi * s apparently mainly a 
function of e av and is independent of flap deflection 

and propeller operation, as shown in figure 33. The curve 
of this figure was used to supply a downva sh-angle correc- 
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tion in the calculations to "be given later; its general 
applicability, however, is obviously very questionable. 

Pro pel ler remove^- The average down wash angle of 
the air stream at the tail for all propeller-removed 
conditions has "been calculated following the methods of 
references 16 and 17, The agreement "between the calcu- 
lated and the experimental average downv/ash angles, 
indicated in figures 31 and 33, is considered satisfactory, 
especially for retracted flaps, The calculated values 
include the effects of wing t wi s t . ( r ef or en c e 3 16 and 18) 
and the wind-tunnel corrections. 

prope 1 1 ar op : rat ing,« - ffhe average downv/ash at the 
tail with the propeller operating has been calculated by 
tine procedure given in reference 5, Briefly, 



e p 55 "w p + C P " € cal (15) 



where ep is obtained from charts in reference 5 and 
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This' rather elementary procedure gives fairly satis- 
factory checks with the average experimental values (tables 
I and II), A comparison of those results with the results 
of some recent British touts indicates that the methods 
used giv-3 values of e p that, for the flap-deflected con- 
ditions, are too large. Inasmuch as oven snail increments 
of down wash may considerably affect the pitching moment 
contributed by the tail, the discrepancy, i€ 3 = e^v €cal« 
was computed and plotted as a function of e C al in 
ure ""34, Different curves were found for the cases with 
flaps deflected and with flaps retracted; propeller 
operation, however, had no definite effect. Without fur- 
ther experimental study, the general applicability of the 
specific values given in figure 34 is very questionable. 
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III* 



COMFA2IS0N 0? CALCULATED WITH 



EXPERIMENTAL PITCHING MOMENTS 



Parts I and II have summarized tho available methods 
for calculating the pitching moments of s ingle-ongi no 
airplanes and have derived the necessary parameters* Tho 
purpose of part III is to compare the pitching moments 
calculated "by those methods with experimental pitching 
moments, in order to show the general applicability over 
the entire range of operating conditions of parameters 
derived as average, values from particular sets of tests, 
Tho comparison is first given for the contribution of the 
fixed tail (tail-setting angle, 1.2°; elevator angle, 0°) 
to the pitching moment; the comparison is then extended 
to the complete mock-up. 



The experimental tail contribution has been obtained 
as the difference between pitching moments of the mock-up 
with the tail attached and with the tail removed. The 
calculated tail contribution is obtained by the following 
formula: 



Tail Cont r ibut ion 




fc 



ti 




St 



In equation (16) 



e ef f 



cal 



(17) 



in which 



€ cal 



obtained from theory of reference 5 



A £l and Ae a 
dCu t /da t « 0.051 

U/ /( lo) 0 



values obtained from surveys 



given by figures 53 and 34 




1.64 for flaps extended and 2.0 for 
flaps retracted 

1 (zero for propeller removed) 
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Th§ exper imental and calculated tail contributions 
for the condition with propeller removed are in satisfactory 
agreement (figs, 35 and 36) # For comparative purposes, the 
tail contribution has also been calculated with experimental 
values of c Qff and with c eff = e ca i (figs* 35 and 36). 

jor the propeller-operating condition, the agreement 
between the experimental and the calculated values is not 
entirely satisfactory (figs, 37 and 38). Calculations of 
the tail contribution using experimental values of € e ff 

(as obtained from cross plots of tables I and II) are given 
in figures 39 and 40, These calculations indicate that a 
large part of the discrepancy in figures 37 and 38 occurs 
because the methods used in the estimation of the downwash 
angles are inadequate. The discrepancies at low thrust 
coefficients for tho higher angles of attack may be, at 
least partly, attributed to the fact that few experimental 
data in this range were taken and to the fact that at 
zero thrust, with the propeller operating, the conditions 
are not quite equivalent to the conditions with the pro- 
peller removed, Calculated values of the tail contribution 
with € e ff - e ca l are also included iov comparative pur- 
poses in figtires 39 and 40, 

pi tching-Koment Curves for Complete Mock-Up 

The experimental and the calculated pi t c hing-moment 
curves for the complete mock-up are presented in figure 41 
for the case with retracted flsps and in figure 42 for the ■ 
case with deflected flaps. The calculated curves were 
obtained by the following formulas : 

For retracted flaps, 

°*A " °*(f + v) 0 + Cm tp + ACffi P (18) 



Tor deflected flaps, 



Cm A a C m . . + Cm 4 + ACm + L0 m (19) 

A (f + w) 0 t p P w 



Experimental values of Cjn( f + v; ) were taken from fig- 
ure 4; the other 'terms have been previously evaluated. As 



riAjjfiC t od , tho a^rear-ent is not entirely sat is f ac tory ; 
tho disagreement iu merely duo to the accumulation of 
errors incurred in estimating the various components. 

The effect of the landing gear on the pitching 
moment is presented in figure ^.3. As the landing gear 
is located outside the slipstream, the increment of 
pitching moment due to the landing gear is probably 
unaffected by propeller operation. 

IV. ELEVATOR K I llftE- MOMENT CHARACTERISTICS 



The stick-force data have teen analysed with regard 
to the hinge-noire^t parameters of /the tail surface, the 
elevator free-floating angles, and the stick forces re- 
quired to trim the airplane. 

Hinge- Moment Parameters 

Some typical curves of the variation of hinge-moment 
coefficient with angle of elevator deflection are shown in 
figure 44. These coefficients are "based on free-stream 
dynamic pressure. Thr, increase in slope at a value of 6 e 
of approximately =c8 c occurs for all conditions and is 
probably duo to the projection of the leading edge of the 
elevator. The following analysis applies only to elevator 
angles within the linear range that, although limited, in- 
cludes most flight conditions. Extending the methods to 
the larger elevator angles that are used in certain ma 1 *, 
neuvers may serve to show no mora than the order of magni- 
tude of the hinge moment. 

The "basic equation for hinge moment, taken from 
reference 19, is 

c h e a * 0» t + v < 5 e (20) 

where the coefficients Ch e and. Ctj^ are based on the 

local dynamic pressure acting at the tail. The hinge- 
moment parameters u and v should he functions mainly 
of the area ratios S e /S+ and S^/S e . 
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The values of u and v were determined experimen- 
tally by using the following relations, based or. equation 
(20): 

1 



u = (ao he /30 Ht ) 
t - (ac be /o5 e ) 



8 e 



(21) 



The parameter u was obtained as the moan slope of the 
curve obtained by plotting Ch against for an 

elevator angle of 0°; v was similarly obtained from 
an interpolated curve of Ch (based on local dynamic 

pressure) against 6 e for Cjj^ = 0, Specifically, the 

factors were obtained as follows; 



from curves similar to those shown in 



e -G figure. 44 



(= ! 't)a„=< 



from the experimental values given in figures 

^ w ^ w 

37 a~d 33 by equation Cw, = ~C m , — 

% 1 U St 



(5 ) from figures 3? and 38 and figures 27 and 28 

e 



c N t = ° C m 

by the equation 5 C = - k 

dC m /dS e 

f.Q^ J _ from curves similar to those shown in figure 
\ e /C>j t = 0 44 for va i ues corresponding to (6 6 ) Ct _ q 

t 

(q/q c ) av by cross-fairing the values given in tables 
I and II 

The average experimental value of u is -0.022 and 
of v is -0.0043. The generalised charts of reference 20 t 
which were based on tests of a large number of isolated 
tail surfaces, indicate a value of u = -0.06? and v 
-0.0084 for the horizontal tail surface. 
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The di s agree'iQ^t between the values of u and v 
determined from theee tests and from the generalised charts 
of reference 20 is cons iderable . . References 21 and 22 
indicate, however, that details of elevator plan form and 
traiiing-edge profile may considerably affect u 
other factors, such 
probably affect the 

tor. For those reasons it is not unlikely that charts 
based on a large number of tests with various uncontrolled 
factors would be unsatisfactory for any particular tail. 



and v ; 

as ecale effect and the cut-out, 
pressure distribution ov^r the eleva- 



The Rats of Change of Hinge Moment 
with ^levator Deflections. 



The rate of ohanga of hinge moment with elevator 

deflection at constant angle of attack dC^ / dS e has been' 

e 

determined by measuring the slope at 5 e 0° of curves 
similar to those shown in figure 44. The experimental 
variation of this factor vith angle of attack and with 
thrust coefficient is given in figure 45(a) for the case 
with retracted flaps and in figure 45(b) for the ca'-e 
with deflected flaps. It should be mentioned that the 
hinge-moment coefficient Cft e is based on free-stream 

dynamic pressure. 



The formula for calculating dOh^M^, 



, may be obtained 

by differentiating equation (20). If -the difference between 
the effective and the average dynamic pressures at the 
tail is neglected, the final expression is 



dC 



r ^ / d 2;i t \ 1 



V^o /av 



(22) 



where, if desired, (ajq. 0 ) av for the propeller-operating 
conditions may be calculated from 



o av 



(33) 



For comparison, ^^h e /^-^e v &lu*s were calculated, experi- 
mental values being used for all factors, and are also 
presented in figure 45, 
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The experimental and the calculated values are in 
excellent agreement for the case with flaps retracted. 
The agreement, however , is not entirely satisfactory for 
the case with flaps deflected; the discrepancy probably 
arises from the very marked variation in dynamic pressure 
across the elevator span. 



Elevator Free-Floating Angle 

The elevator free-floating angle is important with 

regard to stick-free stability characteristics of an 

airplane. The formula for calculating it is derived by 

simultaneously solving equation (20), with Cu = 0, and 

n e 

the normal-force equation. If the difference between 
the effective and the average dynamic pressure at the 
tail is neglected, the solution is 



5 



^C^ t /da t ) (a T + it - c eff) 
Cff *( d Cu t /da t ) T + v 



(24) 



By the substitution into this equation of values 
previously derived, the elevator free-floating angles were 
computed for a number of conditions. The results are 
plotted in figure 46, together with experimental values 
for the same conditions. There appears to bo an almost 
constant difference of about 2° in $ df f between the two 

sets of curves. The discrepancy is possibly due to dis- 
symmetry of the tail surface. Measurements showed that 
the elevator hinge line was slightly above the chord line; 
it is uncertain, however, whether this error in construc- 
tion can account for the entire observed discrepancy. 



Stick Forces 



The stick forces required to trim the airplane at 
any given condition can be determined from these tests 
after the corresponding elevator hinge-moment coefficients 
have been evaluated. The usual method of determining these 
coefficients is to use the basic equation for hinge moment 




Inasmuch ae the elevator free-floating angles and the 
rates of change of hinge-moment coefficient with elevator 
deflection have been experimentally determined (figs. 45 
an! 46), the hinge-moment coefficient at trim has been 
obtained more simply from 



C fce t r " ( 6 e t .r " 6 e f ,) — ^ (26) 

Values of Ov. are present ed in figures 47 and 48 for 

- 1 r 

the conditions with flaps retracted, and with flaps de- 
flected, respectively. Experimental values of and 

Jx 

(dC m /d8 c ) have boon taken from figures 29 and 30 (for 
i t «= 1.3°) and figures 27 and 28. 

Neglecting the effects of friction in the control 
system allows the stick forces for trim to be calculated 
from 



q 0 S e T e 



(27) 



24 



where 

or, if the airplane is climbing or diving at a large 
angle, 

\ 



W cos \ tan" 1 



T 0 cos a - C.D 
£w 

° L Ap / 



i 0 = ~ ~ : (29) 

At high angles of attack and large thrust coefficients 
equation (P8) gives values of q 0 that are about 12 per- 
cent greater than those obtained from equation (29) • 
Sufficiently accurate values of ^LAp ma * r ^ e obtained 

from figures 5 and 7 ?nd values of 0$ may be obtained, 
from figure 4. 



SUMMARY OF FINDINGS 



The following remarks?, although applying directly 
to the .mock-up tested, probably possess varying degrees 
of general applicability. 

1. For cases with flaps deflected, the propeller- 
operating conditions cannot be directly determined from 
the propeller-removed lift coefficient. 

2. The slope of the lift curve of the tailless 
mock-up can be accurately calculated by the use of 
references 7 and 8. 

3. The forward shift of the aerodynamic center of 
the plain wing caused by the fuselage can be estimated 
by the use of references 6 and 10. 
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4. The effect of propeller operation on the lift 
and on the pitching moment of the tailless mock-up with 
retracted flaps can be satisfactorily estimated from the 
procedures ^iven in reference 5. 

5. With the flaps deflected, the increments of lift 
due to propeller operation are much larger than those 
obtained for the corresponding condition with the flaps 
retracted. The difference in probably due to the effect 
of the slipstream on the flapped-wing vortex system. 

6. The slipstream markedly increases the flapped- 
win§ diving moment. 

7. The isolated- tail parameters, as determined from 
those tests, compare satisfactorily with those given by 
the charts of reference 14, 

8. Tho effective dynamic pressure at the tail for 
the propeller-operating conditions can be accurately 
estimated from references 5, 11, and 15. 

9. The downwash angles at the tail determined from 
different tail settings are not equal to those determined 
from air-flow surveys, especially at low angles of attack. 

10. The average downw&sh angles of the air flow at 
the tail, with the propeller removed, can be closely cal- 
culated from references 16, 1?, and 18. 

11. The methods of calculating the propeller- 
operating d.ownwash angle at the tail from reference 5 
are barely satisfactory as first approximations unless 
empirical correction factors are used, It is believed 
that most of the discrepancy, for the flap-deflected 
condition, may be attributed to the methods of calcu- 
lating the downw&sh due to the propeller. 

13. Pitching-moment curves for very nearly similar 
airplanes can probably bo satisfactorily estimated by the 
use of the propeller-removed pitching moment of the tail- 
less airplane and the empirical downwaeh correction factors 

13. The use of the cherts of reference 20 for 
determining u and v, which are based on the results 
of a lar^e number of tests of horizontal tails, is un- 
satisfactory.. References 21 and 32 indicate that details 
of the elevator plan form and t railing-edge profile are 
important considerations. 



26 



14. Tho climb or the dive angle of an airplane in 
powered flight should be considered in calculating the 
free-stream dynamic pressure. 



CONCLUDING EEMAFK3 



Most of the basic factors affecting the pitching 
moments and the 8 tie?.; forces of an airplane can be 
satisfactorily estimated by use of the aviulable theories 
and procedures; further systematic experiments and related 
theories, however, a re necessary before the dovnvash at the 
tail with propeller operating may be reliably predicted. 
Experimental data aud charts of the hinge-moment parameters 
should be used with extrono care, and due consideration 
should be given to the various factors affecting these 
parameters. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lan^ley yield, 7a. 
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TABLE II 

COMPARISON OF EXPERIMENTAL AND CALCULATED 
DOWNWASH ANGLES FOR MOCK-UP WITH FLAPS DEFLECTED 







P 






€ aa 


€ av 


€ eff 


c cal 


(deg) 




(deg) 






(deg) 


(deg) 


(deg) 


(deg) 


7.8 


(a) 


(a) 


0.88 


0.85 


10.7 


11.8 


11.2 


10.5 


15.1 


<a) 


(a) 


.83 ' 


.81 


13.0 


13.9 


13.0 


14.6 


5.8 


0.22 


23 


1.55 


1.61 


14.0 


13.2 


14.9 


12.7 


6.1 


.07 


18 


1.28 


1.27 


13.0 


12.6 


12.3 


11.0 


7.3 


.52 


28 


1.92 


2.03 


16.3 


15.6 


18.9 


16.4 


8.6 


.34 


23 


1.67 


1.72 


16.6 


16.7. 


17.2 


16.5 


9.6 


.35 


32 


1.60 


1.66 


16.6 


16.5 


17.5 


17.6 


9.7 


.17 


18 


1.34 


1.36 


15.2 


15.2 


15.6 


14.9 


9.7 


.19 


18 


1.36 


1.38 


16.3 


16.6 


15.8 


15.3 


12.8 


.46 


23 


1.80 


1.89 


19.4 


19.9 


19.3 


21.9 


13.1 


.21 


18 


1.35 


1.35 


18.0 


17.4 


17.1 


18.4 


14.2 


.58 


28 


2.00 


2.01 


21.4 


, 20.1 


20.8 


24.8 


15.0 


.08 


28 


1.03 


1.03 


16.5 


16.7 


16.4 


18.1 



propeller removed 



NACA _________ _ F W_ 2 




Figure Zr Propeller ch&r&c+eristics as determined from tests of the 
complete mock-up ton the NACA full-scale wind tunnel. Three- 
blade Curtiss electric propeller, blade 6l4Cc 1.5 -24, hollow steel . 
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Co) Dynom ic- pressure contours. 
Figure 23r A<r flow in the elevctor hinge line. Vi?w looking forwarder, 73°: 
<5f, 40"., T c , 0.5 2. 




Figure 23- Concluded. ™ ,ncjl * nat,on of the afrstream. 
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(a) Dv ngmic -pressure contours. 
Figure 24- Airflow in the efevotor hing* line. View looking forward; c( T , l5.G°i 
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Figs. 27,28 
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Figure 38 — Cw pan's m of experimented auel caktt.UteJ 1±A 

coniyibu^i^s 1o pitch im^ >rvom«»t. f-ropeWzr opevatiV^; 
flaps deflected ^ L t ^U 6 . Ca\c<4k1ed values /navetKe* obtained 
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